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Models for black hole (BH) formation from stellar collapse robustly predict the existence of a
pair-instability supernova (PISN) mass gap: black holes cannot be born with masses in the range
50M . m . 120M. The reported mass of GW190521’s primary black hole, m1 = 85+21−14 M,
falls squarely within this PISN mass gap. Moreover, under the same uninformative priors used
for m1, GW190521’s secondary black hole is also likely in the PISN mass gap (m2 > 50 M at
93% confidence). Even in proposed scenarios which can produce BHs in the mass gap, double
mass-gap binary black holes (BBHs) are expected to be rare. We consider the more conservative
alternative that GW190521’s secondary BH belongs to the population of BHs previously observed
by LIGO/Virgo, finding m2 < 48 M at 90% credibility. With this prior on m2, we automatically
find that the mass of the primary BH has a 39% probability of being above the gap (m1 > 120 M,
or 25% probability for m1 > 130 M). This is because the total mass of the system is better
constrained than the individual masses, so as the secondary mass drops to lower values, the primary
mass increases to higher values. As long as the prior odds for a double-mass-gap BBH are smaller
than ∼ 1 : 15, it is more likely that GW190521 straddles the pair-instability gap. Alternatively,
if we assume a gap width of & 75 M as predicted from stellar evolution, and assume that both
components of GW190521 are formed from stellar collapse, we again find that GW190521’s BHs
straddle the mass gap, with the upper edge of the gap above 116 M (90% credibility). We argue
that GW190521 may not present a fundamental challenge to our understanding of stellar evolution
and collapse. Instead, GW190521 may be the first example of a straddling binary black hole,
composed of a conventional stellar mass BH and a BH from the “far side” of the PISN mass gap.
I. INTRODUCTION
GW190521 is one of the most surprising and exciting
systems detected thus far by the LIGO [1] and Virgo [2]
gravitational-wave detector network. This system was
detected at high confidence, with a false alarm rate of
< 1/4900 years [3]. Parameter estimation constrains the
total mass of the system to be 150+29−17 M, with a primary
mass of 85+21−14 M and a secondary mass of 66
+17
−18 M [3,
4].
Meanwhile, stellar physics predicts the existence of a
BH mass gap, with no BHs in the mass range 50 M .
m . 120 M due to (pulsational) pair-instability super-
novae [5–12]. While standard uncertainties on nuclear re-
action rates [13, 14], super-Eddington accretion [15], con-
vection [16], and rotation [17] may raise the lower edge of
the gap by a few solar masses, the lower edge of the gap
cannot extend past 65 M [18–21] without invoking new
physics [22, 23]. Above the gap, stars of sufficiently high
mass avoid pair-instability, and are expected to collapse
into BHs with masses above ∼ 120–135 M [18, 24, 25].
On the observational side, BBH observations in the
first two observing runs of LIGO/Virgo have already
placed constraints on the location of the mass gap [26–
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28]. If the lower-edge of the mass gap is sharp, it is
observationally measured to be mmax = 40.8
+11.8
−4.4 M
(90% credibility) using the LIGO/Virgo GWTC-1 ob-
servations [27, 29], or 41+10−5 M when including the IAS
catalogs [28]. It is to be noted that LIGO and Virgo are
also sensitive to black holes with masses above the gap,
and are beginning to constrain the rate of such mergers
[30, 31]. These “far side” black holes leave an imprint on
the stochastic background of unresolved binaries, would
provide unique standard siren constraints on the cosmic
expansion at redshift z ∼ 1, and may also be observable
by LISA [32].
At first glance, the primary mass of GW190521 falls
squarely within this mass gap, having only 0.3% proba-
bility of being below 65 M [3]. Several scenarios, includ-
ing hierarchical mergers of smaller BHs in stellar clusters
or AGN disks [33–38], primordial BHs [39], and stellar
mergers [40, 41] may produce BHs in the mass gap; a
detailed discussion of the various possibilities is found
in Abbott et al. [4]. The hierarchical merger scenario is of
particular interest when one notes that the merger rem-
nant of GW170729 [29] was a BH of mass 80.3+14.6−10.2 M,
and so LIGO/Virgo have already witnessed the creation
of a BH which is consistent with the reported mass of
GW190521’s primary.
However, even in these scenarios, the merger rate of
systems involving a mass gap BH is expected to be low—
more than two orders of magnitude smaller than the
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2merger rate between non-mass gap BHs [40, 42–44], es-
pecially when compared to the merger rate inferred by
LIGO/Virgo [27, 29]. The merger rate of systems involv-
ing two mass gap BHs is expected to be even smaller
by orders of magnitude. Recently Kimball et al. [45] an-
alyzed the GWTC-1 observations under a phenomeno-
logical framework tuned to globular cluster simulations,
finding that, compared to first-generation BHs, the rela-
tive rate of mergers involving one second-generation BH
is ∼ 2.5×10−3, and the relative rate of mergers involving
two second-generation BHs is ∼ 3.1× 10−6.
Because of these low expected rates, following the
method of Kimball et al. [45], Abbott et al. [4] found that
a hierarchical-merger origin for GW190521 is modestly
disfavored by the data by factors of ∼ 1.1–5, depending
on the choice of gravitational waveform model used for
parameter estimation. Abbott et al. [4] also noted that
there is some probability that m1 is a first-generation BH
with primary mass above the PISN gap. However, they
concluded that including this possibility in the model for
the first-generation mass distribution would not signif-
icantly alter their results for the relative probabilities
of first-generation to second-generation mergers. Even
without this possibility, the analysis of Abbott et al. [4]
finds that both components of GW190521 are likely to
be first-generation BHs.
In this paper, we build on the idea that GW190521
contains at least one conventional, first-generation BH.
In Section II, we reanalyze the data with the assump-
tion that the secondary BH is a member of the BH
mass distribution inferred from LIGO/Virgo’s first two
observing runs, characterized by a maximum mass at
mmax = 40.8
+11.8
−4.4 M [27] with the population tapering
off above this. We find m2 < 48 M at 90% credibil-
ity. Because the total mass of GW190521 is constrained
to be M = 150+29−17 M, the updated inference on m2
in turn implies that m1 is likely to be on the far side
of the gap: m1 = 113
+33
−24 M (90% credibility), with a
39% chance that m1 > 120 M. Therefore, under the
assumption that the secondary BH is conventional, the
primary BH of GW190521 is likely to be the first interme-
diate mass black hole (IMBH) detected by LIGO/Virgo;
m1 > 100 M at 81% credibility. Similarly, we reanalyze
GW190521 with the assumption of a PISN gap of fixed
width greater than 75 M, and find that, if both com-
ponent BHs avoid the gap, this naturally constrains the
upper edge of the gap to be above 116 M (90% credibil-
ity). We conclude in Section III. The Appendix contains
a calculation of the Bayes factors between the different
priors considered, which support the interpretation that
GW190521 straddles the mass gap.
II. METHODS AND RESULTS
The analysis of GW190521’s component masses pre-
sented in Abbott et al. [3, 4] utilized uninformative priors.
In particular, their analysis presumes that the distribu-
tion of BH masses is uniform in detector-frame compo-
nent masses m1(1 + z) and m2(1 + z), and uniform in
luminosity-distance-volume (i.e., p(dL) ∝ d2L). The cho-
sen prior ranges are such that the likelihood is contained
entirely within the prior bounds. Abbott et al. [4] infers
the posterior distribution under these priors, using three
different waveform choices: NRSurd7q4 [46], IMRPhe-
nomPv3HM [47–52], and SEOBNRv4PHM [53–55]. We
show the m1 posterior from this analysis, using the NR-
Surd7q4 waveform, as the dashed curve in the left panel
of Fig. 1.
For the remainder of this work, we reweight the pos-
terior samples from Abbott et al. [4] to a slightly differ-
ent choice of uninformative prior. Instead of uniform
in detector-frame component masses, we pick uniform
in source-frame component masses, and instead of uni-
form in d3L, we take uniform in comoving volume and
source-frame time, p(z) ∝ dVc/dz(1 + z)−1 (see Eq. C1
in Ref. [27]). The posterior on m1 under this slightly
modified prior is shown as the solid curves in the left
panel of Fig. 1; this new uninformative prior implies a
slight shift in the source-frame m1 compared to the prior
of Abbott et al. [4]. The joint posterior over m1 and m2
under this new uninformative prior is shown as the pur-
ple contours of Fig. 2. Because our uninformative prior
is flat over source-frame m1 and m2, comoving volume,
and source-frame time, the resulting posterior over these
parameters is proportional to the marginal likelihood.
Under this uninformative prior, the probability that
m1 > 120 M is 1.7% for the “preferred” NRSurd7q4
waveform model, and < 0.002% for m1 < 45 M. The
posterior under the uninformative prior therefore favors
that m1 sits squarely in the mass gap. Moreover, un-
der this prior, m2 > 45 M at 97.4% credibility, which
would place m2 in the mass gap as well. Theoretical
predictions disfavor double-mass-gap systems by a factor
of & 1000, making it reasonable to consider an alterna-
tive, population-informed prior on m2. In fact, we find
that the Bayes factor between the flat (m1,m2) prior
and this alternative prior is only ∼ 7 (see the Appendix),
which is easily overcome by the prior odds disfavoring
double-mass-gap systems. In the following we explore
how imposing a population-informed prior on the sec-
ondary mass affects not only the m2 posterior, but also
the primary mass posterior of GW190521.
Combining multiple events in a population analysis al-
lows us to update our inference on the parameters of the
individual events. By learning the population distribu-
tion, a hierarchical Bayesian framework updates the prior
distribution of the individual-event parameters [56–59].
In other words, a population analysis self-consistently
infers the shape of the population distribution (i.e., the
mass and spin distributions) jointly with the parameters
of individual events. Doctor et al. [60] and Kimball et al.
[45] recently developed and performed such population
analyses explicitly designed to accommodate a potential
BBH subpopulation within the mass gap, allowing for the
possibility that these systems form via hierarchical merg-
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FIG. 1. Posterior distribution on the source-frame primary mass using an uninformative prior (left), compared to a population-
informed prior (right) that assumes that m2 belongs to the population of first-generation black holes inferred from LIGO/Virgo’s
catalog GWTC-1 [27]. The different colored histograms show the results under the different waveform models in Abbott et al.
[3, 4]. On the left, the distributions assume a flat prior on m1 and m2 and a flat prior on the comoving spacetime volume
(the dashed blue histogram shows the posterior under the “default” flat-in-detector-frame masses and p(dL) ∝ d2L luminosity
distance prior presented in Abbott et al. [3, 4]). On the right, we impose a prior on m2 according to the component mass
distribution inferred from the GWTC-1 distribution [27], but leave the flat prior on m1 (note that the new prior is on m2, but
we are plotting m1). The shaded band denotes the region of the posterior with m1 < 120 M, in which m1 would be in the
PISN mass gap. Under the uninformative prior, the probability that m1 > 120 M is 1.7%, 3.3%, and 14% for the NRSurd7q4,
IMRPhenomPv3HM, and SEOBNRv4PHM waveform models respectively. Under the assumption that m2 belongs to the black
hole population found in GWTC-1, the probabilities for m1 > 120 M increase to 39%, 31%, and 89% under the respective
waveform models.
ers of the below-mass-gap subpopulation [61, 62]. As dis-
cussed in Section I, Abbott et al. [4] applied the analysis
proposed by Kimball et al. [45], analyzing GW190521
jointly with LIGO/Virgo’s ten BBH observations from
the first two observing runs, GWTC-1 [29]. However,
the BBH population inferred from GWTC-1 does not
constrain the rate of mergers above the gap, and so these
population analyses did not allow for the possibility of
a first-generation BH beyond the PISN gap. Abbott
et al. [4] noted that allowing for this possibility would not
significantly affect the conclusions from the hierarchical
merger analysis, which found that a first-generation ori-
gin for GW190521 is slightly preferred even without the
additional probability of m1 lying above the gap.
Under the assumption that BBH systems involving two
mass-gap BHs are a few orders of magnitude more rare
than systems involving just one mass-gap BH [43, 45],
we explore the assumption that the secondary mass of
GW190521 is a conventional BH belonging to the compo-
nent BH population that LIGO/Virgo observed in their
first two observing runs. Rather than performing a fully
self-consistent population analysis that fits for both com-
ponent masses of GW190521 together with previous BBH
observations as in Doctor et al. [60] and Kimball et al.
[45], we pursue a simpler, less rigorous approach. In this
approach, we put a population prior only on the sec-
ondary mass of GW190521, assuming it is drawn from the
same population as the component masses of the BBH
events observed in O1 and O2.
The mass distribution of BBHs inferred from the first
two observing runs of LIGO/Virgo is presented in Ab-
bott et al. [27], with a recent update incorporating IAS
detections in Roulet et al. [28]. In particular, the one-
dimensional mass distribution describing component BHs
is found to be well-fit by a power law with a variable
slope, minimum mass, and maximum mass cutoff; see for
example Model B in Abbott et al. [27]. As has been em-
phasized [26–28], there is evidence for a sharp drop at
∼ 45 M in the mass spectrum of the component BHs
found in BBH systems. The measurement of the maxi-
mum mass cutoff at mmax = 40.8
+11.8
−4.4 M is consistent
with expectations from PISN modeling.
Neglecting the mass ratio distribution for the moment,
we can use the one-dimensional mass spectrum inferred
under Model B in Abbott et al. [27] to construct a prior
on the mass of a conventional BH (in other words, a BH
that is drawn from this same population), marginalizing
over the uncertainty in the population parameters. (See
Fishbach and Holz [63] for a discussion of the sometimes
subtle distinction between the component mass distribu-
tion, the primary mass distribution, and the secondary
mass distribution.) This population-informed prior is
given by the posterior population distribution (PPD) in-
4ferred from Abbott et al. [27]:
p(m | dO1+O2) ∝
∫
p(m | θ)p(θ | dO1+O2)dθ, (1)
where θ = {αm, βq,mmin,mmax} are the population hy-
perparameters of the power-law mass distribution model
(Model B) and p(θ | dO1+O2) is the hyperposterior on
these parameters inferred from the first two observing
runs [27]. Although we use the above PPD as a prior for
m2, we retain the uninformative, uniform prior on m1.
Applying the inferred PPD as a prior on the secondary
mass of GW190521, while maintaining the flat prior on
m1, significantly affects the m2 posterior. Using unin-
formative priors, there is only a 2.6% probability that
m2 < 45 M, while this rises to 85% with the population-
informed prior (NRSurd7q4 waveform). It would be un-
surprising for a statistical fluctuation of this magnitude
to affect the measured masses of GW190521; we expect
that one out of ∼ 40 events will have its true mass in the
2.5% tail of the likelihood.
Moreover, because the total mass of GW190521 is con-
strained to be 150+29−17 M, the updated m2 posterior af-
fects the joint posterior on m1 and m2; see Fig. 2. The
implied marginal posterior on m1, under the informed
prior on m2, is shown in the right panel of Fig. 1. We
find that applying an astrophysical prior on m2 results
not only in m2 dropping out of the mass gap to lower
values, but also results in the m1 posterior increasing to
113+33−24 M and potentially crossing the upper edge of the
PISN mass gap (m1 > 120 M with 39% credibility). Ap-
plying the GWTC-1 population priors on m2 thus results
in significant support for the two black hole masses strad-
dling the PISN gap, with one below and one above. In
the Appendix, we find that the likelihood ratio between
a flat prior on (m1,m2) and a population-informed prior
on m2 coupled with a flat prior on m1 > 120 M is of
order unity.
An alternative approach is to take a theoretically-
motivated prior rather than a population prior deter-
mined by previous observations. Here, we take the width
of the mass gap as fixed by theory, while allowing the
placement of the upper and lower edges of the gap to
be determined by the data. The width of the gap may
face fewer theoretical uncertainties than the precise loca-
tion of the edges of the gap; Farmer et al. [14] predict a
width of 83+5−8 M. We re-analyze GW190521 assuming
that neither BH sits in the mass gap, with a mass gap of
> 75 M as our prior. In particular, as discussed above,
there is more likelihood support for m1 being above the
mass gap rather than below (by a factor of & 20), and
similarly there is significantly more support for m2 be-
ing below the mass gap rather than above (by a factor
of & 2× 105). Enforcing m1 −m2 > 75 M while using
a uniform prior on the values of the individual masses,
we find m1 > 116 M (90% posterior probability) and
m2 < 41 M (90% probability); the updated m1 and m2
posteriors are shown in Fig. 3. We also note that, as was
the case in Fig. 2, the values of m1 and m2 are correlated.
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FIG. 2. Two-dimensional version of Fig. 1, showing re-
sults from the NRSurd7q4 waveform. Contours show 50%,
90%, and 99% credible regions. The shaded bands show
m2 > 45 M (excluded if we believe that m2 is a conven-
tional BH) and m1 < 120 M (exluded if we believe that m1 is
a conventional BH). The unshaded region corresponds to the
scenario in which the components straddle the gap. The other
waveform models permit larger values of m1−m2, thereby in-
creasing the support for m1 > 120 M and m2 < 45 M.
High values of m1, which push the BH up and out of the
mass gap, are accompanied by lower values of m2 which
cause it to drop out of the mass gap.
As previously mentioned, the arguments laid out in
this work are not rooted in a full population analysis, in
contrast with the analysis of Kimball et al. [45] and Ab-
bott et al. [4]. A careful population analysis would an-
alyze all BBH events observed thus far simultaneously,
including mass, spin and redshift information, and ex-
plicitly model the distribution of mergers above the gap,
taking into account upper limits on the rate of such merg-
ers from the first two observing runs [30]. Since we cur-
rently lack an observed population of BH events above
the gap or theoretical guidance for the shape of the mass
distribution at such high masses, we take a simple ap-
proach that applies a one-dimensional population prior
to m2 alone. Thus, we do not take into account prior
knowledge regarding the relationship between the two
component masses in a binary. We implicitly assume
that a mass ratio q < 0.5 is as likely as a mass ratio
of 1. While this is contrary to expectations from the
first two observing runs, which favored equal-mass bina-
ries [27, 28, 63, 64], we already know from the detection
of GW190412 that asymmetric systems are not uncom-
mon, with 10% of BBH systems likely having mass ratios
more extreme than q < 0.4 [65]. We thus expect that un-
der a full population analysis, the implied mass ratio of
GW190521 under our proposed scenario (q ∼ 0.4) would
be reasonable. Even in the event that the underlying
BBH population prefers near-unity mass ratios, and there
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FIG. 3. Posterior distribution on the source-frame primary mass (left) and source-frame secondary mass (right), assuming that
a mass gap of width > 75 M [14] separates m1 and m2. In this scenario, the primary mass lies above 116 M (90% credibility;
NRSurd7q4 waveform model), which can be interpreted as a lower limit on the upper edge of the pair-instability gap under
this assumption. Meanwhile, the secondary mass lies below 41 M (90% credibility; NRSurd7q4 waveform model). The shaded
bands show m1 < 120 M (left) and m2 > 45 M (right). Taking the width of the gap is a theoretical prior, the updated
posteriors on m1 and m2 are consistent with theoretical predictions for the location of the gap edges.
exists a population of BHs above the gap, LIGO/Virgo
at current sensitivities may be less likely to detect a 120-
120 M merger at cosmological distances than a system
with a lower total mass similar to GW190521, as the more
massive merger will merge at low frequencies out of the
detectors’ sensitive band [30, 31].
A future population analysis should also account for
BH spins. BH spin magnitudes of ∼ 0.7 are a signature
of hierarchical mergers, and more generally dynamically-
assembled binaries are expected to have an isotropic dis-
tribution of spin tilts. These signatures can be used to
distinguish between formation channels [61, 62, 66–69].
In this analysis, we do not consider spin information.
While GW190521 displays mild hints of spin precession,
which may make it more consistent with a dynamical-
and possibly hierarchical-merger origin, the preference
for spin precession as measured by the χp parameter is
inconclusive [3, 4]. The updated mass priors considered
in this work do not significantly increase or decrease the
mild preference seen for precession under the uninforma-
tive prior (for precession, χp > 0, where ≤ 0χp ≤ 1 by
definition). The uninformative prior finds χp > 0.5 at
79% credibility; our population prior on m2, which re-
tains an uninformative spin prior, finds χp > 0.5 at 77%
credibility.
III. CONCLUSIONS
GW190521 is one of the most surprising and important
BBH merger detections to date. When analyzed with un-
informative priors, both component masses of GW190521
fall within the PISN mass gap. This implies either a
breakdown of our basic understanding of stellar explo-
sions, or the existence of novel processes such as hierar-
chical mergers of smaller black holes or stellar mergers.
We emphasize that double mass-gap BBHs are expected
to be exceedingly rare, accounting for at most 0.1% of
the inferred LIGO/Virgo rate.
In this paper we have analyzed GW190521 with
population-informed priors, under the assumption that
a merger with at most one mass-gap BH is a priori more
likely than a double mass-gap merger. We have used the
existing population of BBH detections to set a mass prior
on the secondary BH (which, although it falls predomi-
nantly in the gap, has non-zero support below the gap).
With this prior applied only to the secondary, we natu-
rally find that the primary black hole has significant sup-
port above the gap, making GW190521 the first observed
merger between a stellar-mass BH and an IMBH. We
also analyze GW190521 with an astrophysically-informed
prior that there exists a gap of width 75 M. In this case,
we again find that GW190521 consists of a straddling bi-
nary, with component masses on either side of the gap.
Such a straddling binary fits with stellar theory, and does
not necessarily require more speculative or unusual for-
mation channels.
GW190521 has demonstrated that there must either
be a population of BBH systems with both components
within the PISN gap, or a population of component
BHs with masses above the gap. The interpretation of
GW190521 as a double-mass-gap BBH or a straddling
binary depends on the assumed priors. Taking the con-
servative assumption that at least one of the components
6of GW190521 belongs to the already-observed popula-
tion of BBH systems, we find that GW190521 is more
likely to be a straddling binary. Future BBH observa-
tions will help resolve this question. While the measure-
ment uncertainty on individual events is large and thus
prior-dependent, a population of BBH systems will re-
veal the shape of the BBH mass distribution, allowing us
to firmly measure the rate of double-mass-gap binaries
compared to the rate of mergers with components above
the gap.
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Appendix: Bayes factors between prior choices
In this Appendix, we compare the various mass priors
considered in the main text by computing their Bayes
factors given the GW190521 data. We stress that it is
the goal of a hierarchical Bayesian population analysis
to find the common prior that best matches a collection
of data (for example, a catalog of BBH events). Here, in
comparing different mass priors, we perform a population
analysis on only one event; see, for example, the discus-
sion in Ref. [70]. The goal of this Appendix is not to find
the mass distribution that best fits the data, which would
require analyzing multiple BBH events simultaneously,
but to get a sense of how reasonable a given prior choice
H, p(m1,m2 | H) is in light of the single-event likeli-
8hood, p(dGW190521 | m1,m2). The Bayesian evidence for
model H given data d, conditioned on d being detected,
is [71–73]:
p(d | H,det) =
∫
p(d | m1,m2)p(m1,m2 | H)dm1dm2∫
Pdet(m1,m2)p(m1,m2 | H)dm1dm2 .
(A.1)
The denominator of Eq. A.1 corresponds to the expected
fraction of detected systems, assuming the systems are
distributed according to the model H. In calculating
this term, we follow the semi-analytic method described
in Abbott et al. [27] for calculating the detection prob-
ability term Pdet(m1,m2), approximating the detection
threshold as a single-detector signal-to-noise ratio. This
denominator varies by a factor of . 5 between the differ-
ent prior models we consider.
We consider three different prior models: an uninfor-
mative, flat prior on both masses,
p(m1,m2 | A,mmin,mmax) = 2
(mmax −mmin)2 , (A.2)
an O1+O2 population-informed m2 distribution (Eq. 1),
coupled with a flat m1 prior,
p(m1,m2 | B,mmax) = p(m2 | dO1+O2) 1
mmax −m2 ,
(A.3)
and an O1+O2 population-informed m2 distribution,
coupled with a flat m1 prior restricted to m1 > 120 M,
p(m1,m2 | C,mmax) = p(m2 | dO1+O2) 1
mmax − 120 M .
(A.4)
Model C corresponds to the “straddling” scenario. All
cases restrict mmin < m2 < m1 < mmax.
We compute the evidence ratio between these prior
choices for the GW190521 mass measurement. Compar-
ing a flat, uninformative prior between mmin = 5 M and
mmax = 200 M (A) to the population-informed m2 prior
with a flat m1 prior in the range m2 < m1 < 200 M (B)
gives a Bayes factor of BA/B = 6.8 in favor of the un-
informative prior. Meanwhile, the straddling prior C is
favored compared to B by a factor of ∼ 2; as discussed in
the main text, imposing the population-informed prior on
m2 naturally pulls the m1 posterior to sit above the gap.
The Bayes factor comparing the uninformative prior to
the straddling prior is BA/C = 3.4 in favor of the uninfor-
mative prior. These near-unity Bayes factors imply that
the informed priors we consider in this work, which incor-
porate information from previous BBH observations, are
reasonable alternatives to the flat, uninformative priors.
As an additional check, we compute the Bayes fac-
tor between a double-mass-gap prior, which we take here
to be model A but with mmin = 45 M and mmax =
120 M, and the straddling mass prior C above. We find
that, although the bulk of the GW190521 likelihood lies
within the double-mass-gap mass range, the likelihood
(conditioned on detection) favors the double-mass-gap
prior by only a factor of 15 compared to the straddling
mass prior. As long as the prior odds for a double-mass-
gap merger are smaller than 1/15 (most theories predict
prior odds smaller than 1/1000), the posterior odds will
favor that GW190521 is a straddling binary.
